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ABSTRACT Here, we present the complete genome sequences of two Zika virus
(ZIKV) strains, EcEs062_16 and EcEs089_16, isolated from the sera of febrile patients
in Esmeraldas City, in the northern coastal province of Esmeraldas, Ecuador, in April
2016. These are the ﬁrst complete ZIKV genomes to be reported from Ecuador.
The emergence and diagnostic detection of arthropod-borne viruses have beenincreasingly reported in Ecuador, and include dengue virus (DENV), chikungunya
virus (CHIKV), and, most recently, Zika virus (ZIKV) (1). In 2016 alone, 2,693 suspected,
839 laboratory-conﬁrmed, and 15 imported cases of ZIKV were reported (2). The early
clinical manifestations resulting from infection with ZIKV closely resemble those caused
by DENV and CHIKV (3), and without differential diagnosis by serological, molecular, or
sequencing means, misdiagnosis based on clinical presentation alone may occur (4, 5).
Here, we report the complete genome sequences of two ZIKV strains, EcEs062_16
and EcEs089_16, isolated from the sera of two febrile patients in the coastal province
of Esmeraldas, Ecuador, in April 2016. ZIKV was detected in both patient sera samples
using the Genesig Dengue, Zika and Chikungunya Virus Multiplex real-time assay kit on
a BioRad CFX96 system, following the manufacturer’s guidelines (Genesig, United
Kingdom).
ZIKV was propagated from sera by inoculation of C6/36 cell monolayers (Aedes
albopictus; ECACC, United Kingdom). Supernatant was removed after 7 days, puriﬁed,
and nucleic acid extracted using the QIAamp viral RNA minikit (Qiagen Gmbl, Germany);
5 l of puriﬁed RNA was used as template in ten 20-L reactions, each with a set of 10
primer pairs designed to amplify ~1.5-kb overlapping amplicons covering the whole
genome. Sample EcEs089_16 produced insufﬁcient product from the 1.5-kb amplicon
scheme, and therefore the 400-bp tiling amplicon protocol devised by Quick and
Loman (http://www.zibraproject.org/data) was utilized to produce sufﬁcient product
for sequencing. Sequencing libraries were prepared from 1 g of total material,
comprising equimolar amounts of each of the 10 amplicons for EcEs062_16 or 500 ng
of product from each of the two multiplex reactions for EcEs089_16.
The Nanopore sequencing kit SQK-NSK007 (Oxford Nanopore Technologies, United
Kingdom) was used to produce both sequencing libraries, according to the manufac-
turer’s R9 amplicon sequencing protocol. EcEs062_16 and EcEs089_16 libraries were
sequenced on FLO_MIN104 and FLO_MIN105 ﬂow cells, respectively. Sequencing was
performed on an Mk1b MinION device. Bases were called in Metrichor using 2D
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Basecalling RNN for SQK-NSK007. Consensus sequences of 10,646 bp and 10,616 bp for
EcEs062_16 and EcEs089_16, respectively, were generated using the ZiBRA analysis
pipeline (http://www.zibraproject.org/data). Direct RNA sequencing of culture super-
natant using Illumina technology provided fuller length sequences of 10,812 bp and
10,810 bp, respectively, for EcEs062_16 and EcEs089_16.
The EcEs062_16 and EcEs089_16 genomes clustered together with a sequence
isolated from Paraiba state, Brazil (KX280026, posterior probability 0.96, bootstrap
support 75%), rather than with sequences from neighboring Colombia and Peru.
Esmeraldas city is one of the furthest continental points west of the Paraiba region
(4,874 km by air). Neither patient reported travel history to Brazil, and Ecuador does not
share a land border with Brazil; therefore, the epidemiology of ZIKV’s introduction into
and movement within Ecuador merits further investigation. We aim to further validate
the potential of portable sequencing as a diagnostic tool to assess the temporal
movements of ZIKV throughout South America, as we previously described for Ebola in
West Africa (6).
Accession number(s). The complete genomic sequences have been annotated and
deposited in GenBank, under accession numbers KX879603 to KX879604, and on
http://nextstrain.org/zika.
ACKNOWLEDGMENTS
We acknowledge Mauricio Ayoví for transferring samples from Esmeraldas to USFQ,
Quito; Pablo Endara (USFQ) for his comments and observations; Rory Bowden of the
Wellcome Trust Centre for Human Genetics in Oxford for sequencing time in their busy
lab; and Peter Thraves of ECACC for the provision of C6/36 cells.
This project was partially funded by Public Health England (PHE), USFQ, and the
University of California, Berkeley. All real-time PCR reagents were provided freely by
Primer Design, Ltd. PHE European Collection of Authenticated Cell Cultures (ECACC)
generously provided C6/36 cell lines. No external funding was provided for this work.
REFERENCES
1. Ministry of Public Health of Ecuador. 2016. Casos conﬁrmados autóctonos
e importados de ZIKV. Ecuador Hasta la SE 47. http://www.salud.gob.ec/
wp-content/uploads/2015/12/GACETA-ZIKA-SEM47.pdf.
2. Pan American Health Organization/World Health Organization. 2016. Zika
suspected and conﬁrmed cases reported by countries and territories in
the Americas cumulative cases. 2015–2016. PAHO/WHO, Washington, DC.
http://www.paho.org/hq/index.php?optioncom_docman&taskdoc
_view&Itemid270&gid37220&langen.
3. Vorou R. 2016. Zika virus, vectors, reservoirs, amplifying hosts, and their
potential to spread worldwide: what we know and what we should
investigate urgently. Int J Infect Dis 48:85–90. https://doi.org/10.1016/
j.ijid.2016.05.014.
4. Manock SR, Jacobsen KH, de Bravo NB, Russell KL, Negrete M, Olson JG,
Sanchez JL, Blair PJ, Smalligan RD, Quist BK, Espín JF, Espinoza WR,
MacCormick F, Fleming LC, Kochel T. 2009. Etiology of acute undifferen-
tiated febrile illness in the Amazon Basin of Ecuador. Am J Trop Med Hyg
81:146–115. http://www.ajtmh.org/content/81/1/146.full.pdfhtml.
5. Villamil-Gómez WE, González-Camargo O, Rodriguez-Ayubi J, Zapata-
Serpa D, Rodriguez-Morales AJ. 2016. Dengue, chikungunya and Zika
co-infection in a patient from Colombia. J Infect Public Health 9:684–686.
https://doi.org/10.1016/j.jiph.2015.12.002.
6. Carroll MW, Matthews DA, Hiscox JA, Elmore MJ, Pollakis G, Rambaut A,
Hewson R, García-Dorival I, Bore JA, Koundouno R, Abdellati S, Afrough B,
Aiyepada J, Akhilomen P, Asogun D, Atkinson B, Badusche M, Bah A, Bate
S, Baumann J, Becker D, Becker-Ziaja B, Bocquin A, Borremans B, Bosworth
A, Boettcher JP, Cannas A, Carletti F, Castilletti C, Clark S, Colavita F,
Diederich S, Donatus A, Duraffour S, Ehichioya D, Ellerbrok H, Fernandez-
Garcia MD, Fizet A, Fleischmann E, Gryseels S, Hermelink A, Hinzmann J,
Hopf-Guevara U, Ighodalo Y, Jameson L, Kelterbaum A, Kis Z, Kloth S, Kohl
C, Korva M, Kraus A, Kuisma E, Kurth A, Liedigk B, Logue CH, Lüdtke A,
Maes P, McCowen J, Mély S, Mertens M, Meschi S, Meyer B, Michel J,
Molkenthin P, Muñoz-Fontela C, Muth D, Newman EN, Ngabo D, Oeste-
reich L, Okosun J, Olokor T, Omiunu R, Omomoh E, Pallasch E, Pályi B,
Portmann J, Pottage T, Pratt C, Priesnitz S, Quartu S, Rappe J, Repits J,
Richter M, Rudolf M, Sachse A, Schmidt KM, Schudt G, Strecker T, Thom R,
Thomas S, Tobin E, Tolley H, Trautner J, Vermoesen T, Vitoriano I, Wagner
M, Wolff S, Yue C, Capobianchi MR, Kretschmer B, Hall Y, Strasser M,
Ippolito G, Becker S, Stoecker K, Gabriel M, Raoul H, Di Caro A, Wölfel R,
Formenty P, Günther S. 2015. Temporal and spatial analysis of the
2014–2015 Ebola virus outbreak in West Africa. Nature 524:97–101.
https://doi.org/10.1038/nature14594.
Márquez et al.
Volume 5 Issue 8 e01673-16 genomea.asm.org 2
 o
n
 April 28, 2017 by University of Birm
ingham
http://genom
ea.asm
.org/
D
ow
nloaded from
 
